The presence of amino groups and carbonyls renders fortified milk with ascorbic acid particularly susceptible to the reduction of available lysine and to the formation of Maillard reaction products (MRPs), as Nε-(carboxyethyl)-L-lysine (CEL), Nε-(carboxymethyl)-L-lysine (CML), Amadori products (APs) and off-flavors. A novel approach was proposed to control the Maillard reaction (MR) in fortified milk: ascorbic acid was encapsulated in a lipid coating and the effects were tested after a lab scale UHT treatment. Encapsulation promoted a delayed release of ascorbic acid and a reduction in the formation of MRPs. Total lysine increased up to 45% in milk with encapsulated ascorbic acid, while reductions in CML, CEL and furosine ranged from 10% to 53% compared with control samples. The effects were also investigated towards the formation of amide-AGEs (advanced glycation end products) by high resolution mass spectrometry (HRMS) revealing that several mechanisms coincide with the MR in the presence of ascorbic acid.
Introduction

1
The final quality of milk and infant formula is influenced by the Maillard reaction (MR). Thermal 2 treatments including UHT are necessary to reduce the proliferation of food borne pathogens and in 3 the presence of high concentrations of carbonyls and amino groups, thermal processes can promote 4 some of the main concerns for dairy industries such as the loss of nutritive value, the development 5 of off-flavors and the formation of undesired brown pigments. Heat treatments of dairy based 6 products therefore need to be optimized to ensure the maintenance of the beneficial effects while at 7 the same time counteracting the possible undesirable effects. dietary reference values and promotes the uptake and bioavailability of dietary iron. 6 Despite its 24 importance, AA also acts as a precursor of several molecules, some of them involved in the 25 pathways of nonenzymic browning both in vitro and in vivo. [7] [8] [9] AA is able to produce furfural and 26 carbon dioxide on its own in aqueous solution above 98 °C leading to browning and also in the 27 presence of an amino group, i.e. glycine, the carbon dioxide comes mainly from AA. 10 AA is one of and (b) oxidation to 2-furoic acid followed by decarboxylation. 11, 12 According to the reaction 31 conditions (i.e. pH, pressure and temperature), the conversion of AA into dehydroascorbic acid
32
(DHAA) and the reconversion of DHAA into AA can be efficiently described by the Weibull model where different sensitivities of the reaction rate constant to the temperature promote sigmoidal 34 kinetics. 13 Smuda and Glomb reported around 75% of the Maillard induced decomposition of AA.
35
The oxidation of AA leads to the formation of DHAA and 2,3-diketogulonic acid (2,3-DKG) that 36 can undergo α and β dicarbonyl fragmentation and oxidative cleavage. Moreover, by using 13 C-37 ascorbic acid isotopomers the formation of carbonyl compounds, carboxylic acids and amide-
38
AGEs, such as glycerinyl-lysine; oxalyl-lysine; xylonyl-lysine, threonyl-lysine and lyxonyl-lysine,
39
was revealed, highlighting the parts of the original backbone of AA incorporated in the products. degasser, a quaternary pump, a thermostated autosampler (5 °C) and a column oven set at 30 °C.
115
Mobile phase A was 0.1% formic acid, and mobile phase B was 0.1% formic acid in methanol and three different concentrations of AA and DHAA (50 ng/mL, 1000 ng/mL and 5000 ng/mL) and the 146 recovery was calculated according to the following formula:
Where R is the recovery; ‫ܥ‬ is the concentration of the spiked analytes in the samples, ‫ܥ‬ ௦ is the 149 concentration of the standard in water. Analytical performances are summarized in Table 2 . The 150 analytical setup for the detection of AA and DHAA was also used for the identification of amide-
151
AGEs derivatives in aqueous model systems and in milk.
152
Formation of amide-AGEs
153
In order to investigate the presence of amide-AGEs, an aqueous model system was prepared. Bremen, Germany) and the following parameters were selected: isotopic pattern and retention time 163 for the identification, signal to noise ratio higher than 5. The procedure used for the lysine/ascorbic 164 acid model system was also applied for milk samples.
165
Maillard reaction end products (MRPs) quantification
166
Typical markers of the MR, CML, CEL and furosine, as well as total lysine in milk were monitored 167 according to Troise et al. 22 Briefly, 100 µL of milk was mixed along with 4 mL of HCl 6 M. The Amadori product, CML and CEL, as well as amide-AGEs.
205
Model systems were prepared according to Table 1 than other recipes, in particular the highest reduction was toward COA milk after 4 min (55%).
256
Specifically, the reduction of CML in EAA milk ranged from 10 to 41% towards FAA milk. In a 257 closed system, as the lab scale UHT milk here proposed, the behavior of CEL was very close to the 
267
The effectiveness of encapsulation as a tool for the control of a chemical reaction has been 268 extensively studied by our group. 27 Troise and Fogliano introduced the possibility to encapsulate
269
AA not only for nutritional purposes, but also to prevent to the formation of MRPs in infant formula 270 and fortified milk in presence of AA. 5 The relationship between volatiles, AA and encapsulation , table 3) . 8, 14, 28 The presence of encapsulated AA showed a protective effect on the lysine 279 amino group, thus leading to a significant increase over the UHT treatment (α < 0.05), up to 24 and 280 29% higher than FAA milk after 2 and 4 min, respectively, while after 6 and 8 min, upon the release 281 of AA from capsules the differences were not significant.
282
Furosine is formed from the Amadori compounds, fructose-lysine and lactose-lysine, it is the most 283 studied marker of the MR in milk products. 29 In our milk model systems, the presence of 284 encapsulated AA promoted a significant reduction of furosine after 2 and 4 min of heat treatment.
285
At this stage no conclusion can be drawn about the relationship between AA and formation of The reduction of CEL was particularly influenced by the presence of encapsulated AA, as revealed shown in Figure 4 and the trends shown in Figure 5 reveled that five amide-AGEs can be formed 341 in the presence of free lysine and AA: glycerinyl-lysine; oxalyl-lysine; xylonyl-lysine, threonyl-342 lysine e lyxonyl-lysine. Once these compounds were detected in aqueous solution, they were 343 investigated also in EAA milk and FAA milk by using the database previously developed.
344
The area counts of oxalyl-lysine was higher in FAA milk than EAA milk; reaching a maximum at 6 345 min of UHT treatment and then rapidly decreased. In EAA milk, there was a slight increase in 
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